[EtOM] exhibit upward curvature for the reaction of O-4-nitrophenyl O-phenyl thionocarbonate (4a) with EtOK in the presence of 18-crown- 6-ether (18C6) , etc.) have been studied intensively due to their strong Lewis acidity. [1] [2] [3] [4] However, reactions that involve alkali-metal ions have been investigated less thoroughly, even though alkali-metal ions are not only ubiquitous but also play important roles in biological processes (e.g., the Na + /K + pump to maintain high K + and low Na + concentration in mammalian cells).
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Buncel et al. initiated the first systematic study of the nucleophilic substitution reaction of 4-nitrophenyl diphenylphosphinate (1a) with alkali-metal ethoxides (EtOM; M = Li, Na, and D r a f t 3 K) in anhydrous ethanol. 5a They found that M + ions catalyze the reaction of 1a, and the catalytic effect increases as the charge density of M + ions increases, i.e., K + < Na + < Li + . 5a However, the catalytic effect exerted by M + ions was suppressed by the presence of complexing agents such as [2,1,1] cryptand for Li + ion and 18-crown-6-ether (18C6) for K + ion. 5a In contrast, we have shown that Li + ion strongly inhibits the corresponding reaction of O-4-nitrophenyl diphenylphosphinothioate (1b, a P=S analogue of 1a), while K + and Na + ions catalyze the reaction. 8 Furthermore, K + ion exhibited a stronger catalytic effect in the presence of 18C6 than in the absence of the complexing agent. 8 A similar result has been reported for the corresponding reactions of organophosphorus insecticides such as methyl paraoxon (2a) and methyl parathion (2b). 9 We have shown that M + ions catalyze the reactions of 2a in the order K + < Na + < Li + , and that the catalytic effect disappears in the presence of complexing agents. In contrast, K + and Na + ions catalyze the reaction of 2b while Li + ion inhibits the reaction. 9 Furthermore, 18C6-crowned K + ion does not catalyze the reaction of the P=O compound (2a) but strongly catalyzes the reaction of its P=S counterpart (2b). 9 These results demonstrate clearly that the effect of M + ions (catalysis or inhibition) is dependent not only on the charge density (or size) of M + ions but also on the nature of the electrophilic centres (e.g., P=O vs. P=S).
Chart 1. Structures of substrates studied previously.
We have also studied M + ion effects on alkaline ethanolysis of esters possessing a C=O electrophilic center (e.g., Y-substituted-phenyl phenyl carbonates 3a-h); M + ions catalyze the reaction in the order Li + < Na + < K + . 10 However, the catalytic effect exhibited by K + ion disappears in the presence of 18C6. 10 From analysis of the Hammett and Yukawa-Tsuno plots,
we have concluded that the reaction proceeds through a concerted mechanism, and M + ions catalyze the reaction by increasing electrophilicity of the reaction centre through TS 1 rather than by enhancing nucleofugality of the leaving group through TS 2 . 
Results and Discussion
The reactions were followed by monitoring the appearance of the leaving Y-substituted We now turn to the main focus of the current study, the catalytic/inhibitory effects of alkali metals in the aryl O-phenyl thionocarbonate series, 4a-h.
Effect of Alkali-Metal Ion on Reactivity. As shown in Figure 1 , the plot of k obsd vs.
[EtOM] curves upward for the reaction of 4a with EtOK in the presence of 18C6 but exhibits downward curvature with significantly decreased reactivity for the reaction with EtOLi. Such curved plots are typical for reactions in which M + ion behaves as a catalyst (upward D r a f t 6 curvature) or an inhibitor (downward curvature). 5, 8, 9 Thus, one can suggest that the reaction of 4a with EtOM is catalyzed by 18C6-crowned K + ion but is inhibited by Li + ion.
The kinetic results are summarized in Table 1 for the reactions of 4a with EtOM and in 8,13b and the initial concentration of EtOM using eqs (4) and (5).
If the current reactions proceed as proposed in Scheme 2, the plots of k obsd /[EtO -] eq vs.
[EtO -] eq would be linear with a common intercept regardless of the size of M + ions. In fact, the plots shown in Figure 2 for the reaction of 4a with EtOM are linear with a common intercept, indicating that the above equations derived from the reactions proposed in Scheme To deduce the reaction mechanism, Hammett plots have been constructed using σ -and σ o constants for the reactions of 4a-4h with the dissociated EtO at 25.0 ± 0.1 °C. The identity of points is given in Table 2 .
We have employed the Yukawa-Tsuno equation in the current study. Eq (6) was originally derived to account for the kinetic results obtained from solvolysis of benzylic systems.
14,15
However, we have previously shown that eq (6) Figure 4 to obtain decisive information on the reaction mechanism including the TS structure.
As shown in Figure 4 , the Yukawa-Tsuno plots exhibit excellent linear correlations (R 2 > 0.99) with ρ = 2.08 and r = 0.25 for k EtO −, and ρ = 1.72 and r = 0.18 for k EtOK . It is noted that the r value in eq (6) represents the extent of resonance contribution. 14,15 Thus, an r value of 0.25 or 0.18 indicates clearly that a negative charge develops partially on the O atom of the leaving group in the TS of the reactions of 4a-h. This is not possible for a stepwise reaction in which expulsion of the leaving group occurs after the RDS. Accordingly, one can conclude that the reactions of 4a-h proceed through a concerted mechanism, in which expulsion of the leaving group is advanced, albeit to a small degree, in the TS on the basis of the small r values. As mentioned earlier, the reactions of 3a-h have been reported to proceed through a concerted mechanism. Hence, the contrasting reactivity patterns found for the reactions of the C=O and C=S compounds (e.g., 3a and 4a, respectively) are clearly not due to a difference in the reaction mechanism. Table 2 .
Origin of M + Ion Catalysis and Inhibition. M + ions could catalyze the current reaction either by increasing electrophilicity of the reaction center through TS 3 or by enhancing nucleofugality of the leaving group via TS 4 . It is apparent that catalysis through TS 4 would be effective for reactions in which expulsion of the leaving group is involved in the RDS but would be ineffective when expulsion of the leaving group occurs after the RDS. Since the reactions of 4a-h proceed through a concerted mechanism, expulsion of the leaving group occurs in the TS. Hence, the current reactions could be catalyzed either through TS 3 or via TS 4 , comparable to TS 1 and TS 2 for 3a-h.
Chart 3. TS models for the reactions of 4a-h with EtOM.
If the reactions are catalyzed by M + ions through TS 3 , the catalytic effect (i.e., the k EtOK /k EtO − ratio) would be little influenced by the electronic nature of the substituent Y. This is because the substituent Y is located far away from the reaction center (distal). In contrast, if M + ions catalyze the reactions through TS 4 , the catalytic effect would be strongly affected by D r a f t the electronic nature of the substituent Y (proximal). In fact, Table 2 shows that the k EtOK /k EtO − ratio changes from substrate to substrate through the series but is independent of the electronic character of substituent Y. This suggests that the current reactions are not catalyzed by increasing nucleofugality of the leaving group through TS 4 . This idea is consistent with the expectation that catalysis through TS 4 would be insignificant for reactions in which expulsion of the leaving group is advanced only a little in the TS. Thus, we propose that alkaline ethanolysis of 4a-h is catalyzed by increasing electrophilicity of the reaction center through TS 3 . Finally, comment should be made on the result with 18C6-crowned K + which shows the greatest degree of catalysis of the systems studied. In TS 4 rotation about the O-aryl bond should confer greater steric congestion than presumably exists in TS 3 . As a result, the steric bulk of 18C6-crowned K + ion argues against formation of sterically demanding TS 4
and in favour of TS 3 . Note that steric factors associated with 18C6-crowned K + have previously been reported to be important for alkaline ethanolysis of parathion compared with methyl parathion.
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The contrasting M + ion effects found for the reactions of the C=O and C=S compounds also support our proposal that the reactions of 3a and 4a proceed through TS 1 and TS 3 , respectively, rather than via TS 2 and TS 4 . If M + ions catalyze the reactions of 3a and 4a by increasing nucleofugality of the leaving group through TS 2 and TS 4 , respectively, the catalytic effect shown by M + ions should be similar for both reactions. This is because the leaving group for the reactions of the C=O and C=S series is identical.
The contrasting M + ion effects found for the reactions of 3a and 4a with EtOM can be explained using the qualitative hard and soft acids and bases (HSAB) principle. 22 8,13b This idea is further supported by the kinetic result that 18C6-crowned K + ion catalyzes the reaction of 4a but not the corresponding reaction of 3a.
Conclusions
(1) Alkaline ethanolysis of 4a-h is catalyzed or inhibited by alkali-metal ions depending on the size of M + ions and on the nature of the electrophilic centres (e.g., C=O vs. C=S). (2) The reactivity of EtOM toward the C=S compound (4a) increases in the order EtOLi < EtONa < EtO -< EtOK < EtOK/18C6, which is in contrast to that reported previously for the corresponding reaction of the C=O compound (3a), e.g., the reactivity increases in the order EtO -≈ EtOK/18C6 < EtOLi < EtONa < EtOK. Kinetics. Kinetic study was performed using a UV-Vis spectrophotometer for slow reactions (e.g., t 1/2 > 10 s) or a stopped-flow spectrophotometer for fast reaction (e.g., t 1/2 ≤ 10 s) equipped with a constant-temperature circulating bath, which maintained reaction temperature at 25.0 ± 0.1 °C. The reactions were followed by monitoring the appearance of Ysubstituted phenoxide ion. Reactions were followed generally for 9 -10 half-lives and k obsd were calculated using the equation, ln (A ∞ -A t ) = -k obsd t + C. Figure S1 . 
